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@ Precede de fabrication d*un film de polyanlllne, film obtenu par ce procede et gfenerateur electrochimlque utIUsant ce film. 

f\ Procede de fabrlcationn d'un film de polyanlllne, film 
tenu par ce procede et gfenerateur 6lectrochlmlque utllisant 
ce film . 

Le procede consiste a. oxyder electrochimiquement A I'alde 
d'une anode et d'une cathode un compose choisl parmt I'aniline 
et sas derives. a Pexceptlon de la benzidine, dans un milieu 
acide, en presence de cations d'au molns un metal de 
transition, cette oxydation conduisant A la formation sur I'anode 
d'un film (7) de polyanlllne renfermant lesdlts cations ; a laver 
I'anode recouverte duditfilm et a s6parer le film Iav6, de I'anode. 

Le film de polyanlllne (7) est en particulier uttlls6 comme 
mature active positive d'dlectrode d'un generateur electrochl- 
mlque du type * carte de credit" component, dans une 
enveloppe etanche (1, 3), un film de lithium (9) servant de 
matlere active negative d'electrode, separe par un separateur 
en film (6) tmpregne d'electrolyte, du film de potyanillne (7). 
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PROCEDE DE FABRICATION D'UN FILM DE POLYANILINE, FILM OBTENU PAR CE PROCEDE ET 
GENERATEUR ELECTRO CHI Ml QUE UTILISANT CE FILM 

La presents invention a pour objet un precede de fabrication d'un film de polyaniline utili sable dans un grand 
nombre de domaines compte tenu de ses proprietes conductrices electroniques. Ces films de polyaniline sont 
parfaitement blen adaptes pour constituer une matiere active d'electrode plus specfalement positive d'un 
generateur eiectrochimique ou batterie. 

En particulier, le precede selon ('invention permet la realisation de films de polyaniline auto-supportes 
permettant la realisation de generateurs electrochimiques extra-plats de format type "carte de credit". 

Outre cette application specifique, les films de polyaniline de ('invention peuvent etre utilises comma 
matiere active d'electrode et/ou couche electrochrome dans un dispositif d'affichage electrochrome, comme 
materlaux de blindage electromagnetique ou electrostatique, comme convertisseurs photovoltaTques, comme 
materlaux d'electrodes speciflques et de facon plus generate dans tous les domaines techniques employant 
des materlaux polymerlques conducteurs electroniques. 

Par polyanilines, on entend generalement les polymeres provenant de la condensation de Tannine 
elle-meme male aussl de celle de ses derives dont notamment le dlmere, I'amlno-paradiphenyiamine. 

Les polyanilines se preparent g6neralement par oxydatlon chimique ou eiectrochimique de I'anlllne ou de 
ses derives dans un milieu acide. Le milieu acide est d'une grande Importance pour obtenir un polymere de - 
haut poids moleculaire et contenant peu de defauts de structures. Ce prccedd de fabrication des poiyanillnes 
est notamment decrit dans le document FR-A-2 545 496 et dans le document US-A-4 629 540 deposes au nom 
du demandeur. 

Quel que sort le milieu acide utilise pour I'oxydation chimique ou eiectrochimique de I'aniline et de ses 
derives, il n'est actuellement pas possible d 'obtenir des films auto-supportes, e'est-a-dire des films ne 
necessitant pas de support. Or, il se trouve que les films auto-supportes sont d'une grande importance 
pratique pour un grand nombre d'applications et notamment pour la realisation de nouveaux generateurs 
electrochimiques extra-plats. 

En outre, lors de I'oxydation de I'aniline et eventuellement de certains de ses derives, il y a toujours un 
risque d'obtenir de la benzidine, qui est un produit toxique et notamment tres cancerigene, de formule : 



Aussl, touts amelioration dans la preparation de film de polyaniline par oxydation eiectrochimique de 
I'aniline et de ses derives est tres interessante. 

La presente invention a justement pour objet un procede de fabrication de polyanilines par oxydation 
eiectrochimique de I'aniline et de ses derives permettant la realisation de film de polyanilines auto-supportes. 
En outre,' ces films renferment moins d'une parti e par million de benzidine. 

De facon plus precise, I'invention a pour objet un procede de fabrication d'un film de polyaniline conslstant 
a oxyder electrochlmiquement a I'alde d'une anode et d'une cathode un compose choisi parmi l' aniline et ses 
derives a I'exceptlon de la benzidine, dans un milieu acide, en presence de cations d'au moins un metal de 
transition, cette oxydation condulsant a la formation sur I 'anode d'un film de polyaniline renfermant lesdits 
cations ; a laver I'anode recouverte dudhl film et a sfeparer le film lave, de I 'anode. 

Le proced6 d'oxydation par vole eiectrochimique selon I'invention permet Tobtention d'un film de 
polyaniline, contralrement a I'oxydation par vole chimique, utllisable tel quel (sans autre traitement) comme 
matiere active d'electrode. En particulier, II n'est plus necessalre d'utillser du noir de carbone ou tout autre 
addittf conducteur avec la polyaniline formee, ce qui fait gagner au moins 20<>/o sur le polds de la masse totale 
de la matiere active d'electrode. En outre, la vole eiectrochimique est beaucoup plus simple que la vole 
chimique, cette demiere necessitant generalement une etape de preparation speciale de I'oxydant. 

L'oxydatlon eiectrochimique peut durer plusieurs heures avec une densit6 de courant ailant de 0,1 a 150 
mA/cm 2 . En outre, il est possible de recharge r le milieu liquide en aniline ou en ses derives, plusieurs fols, sans 
degradation importante du milieu electroiytique. 

La presence de ces cations de metaux de transition est tres importante. En effet, lorsqu'ils sont en solution, 
('introduction de ('aniline dans ce milieu ou de ses derives, conduit a ta formation de complexes. Les molecules 
de monomere ne sont alors plus libres dans la solution, mals sont regroupees en agregats autour des cations 
des metaux de transition. Le nombre de molecules d'aniline ou de ses derives complexees depend du nombre 
de coordinations du ou des cations metalliques utilises. 

Blen que I'aniline et ses derives ne sont que des bases faibles et que les complexes formes avec les cations 




2 



WEST 



EP 0 315 514 At 



de metaux de transition nt generalement des constantes de stabilite relativement faibles et que Tannine et 
ses derives ne sont pas toujours en mesure de saturer ia coordination maximale du metal utilise, il n'en rest 
pas moins que ces complexes existent et qu'ils favorisent la solubllisation de ces metaux dans le milieu aclde 
et conduisent a des polyanllines de morphologie differente de celles obtenues en ['absence de ces cations. 

En effet, lorsque I'aniline et ses derives sont oxydes en Tabsence de metaux de transition, les molecules se 
presentent seules a Teiectrode sous une certalne configuration, avec probablement I'atome d'azote dlrig6 
vers Teiectrode. En revanche, lorsque ces metaux de transition sont presents, I'aniline ou ses derives arrive a 
('electrode sous forme d'un complexe contenant un cation metallique et plusleurs molecules de monom6re. Le 
mecanisme reactionnel est done modifi6 et il n*y a pratiquement plus de polymerisation "queue a queue" 
correspondant, pour Taniline et pour la formation du dimere, a la reaction chimlque suivante : 
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+ 2H + + 2e 



20 

qui favorise la formation de la benzidine mais une polymerisation "tete a queue" correspondant a la reaction de 
formation du dimere : 
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30 



qui conduit a une amelioration du rendement et diminue de maniere presque totale la formation de benzidine. 

Les produits obtenus par le procede selon Tinvention contlennent des elements de transition dont la 35 
{ quantlte est fonctlon du nombre de lavages effectues apres la formation des polyanilines. La presence de ces 

elements de transition ne constitue pas un dopage, dans le sens ou il n'y a pas d'incorporation de ces cations 
dans la chaTne carbonee des polyanilines, mais plutot complexation suivie d'une polymerisation puis liberation 
partialis des cations complexes au moment des lavages. 

On comprend ainsl que la morphologie des polymeres obtenus ar ie procede de Tinvention soit difterente de 40 
cells obtenue par les precedes selon Tart anterieur. 

L'amelioration du rendement de preparation des polyanilines grace au proced6 selon I'invention peut se 
constater de la maniere suivante. Apres la synthese du polymere, ce dernier est lave abondamment en 
particulier a I'eau et a Tac6tonitrlle grace a un extracteur de Soxhlet. 

En Tabsence de cations metalliques, les solutions de lavage sont fortement colorees par des produits 45 
secondares, dont la benzidine, ou par des oltgomeres de bas poids mol6culaire. En revanche, lorsque des 
metaux de transition sont utilises, les solutions de lavage restent parfaitement claires pour Teau et tres 
Ifegerement color6es pour Tacetonitrile. 

En effet, la tres forte diminution de la concentration de ces produits secondaires et/ou oligomeres de bas 
poids moleculaire, voire m§me leur disparitlon complete, a pu etre confirmee par Tanalyse en chromatographle 50 
llqulde haute pression des solutions de lavage et par Tetude des masses moleculaires des polymeres, par 
chromatographle de permeation de gels. Par ailleurs, on constate que les rendements du proc6d6 selon 
Tinvention sont proches de la theorie. 

Le procede selon Tinvention s'applique a tous les monomeres satisfaisant a la formule g6nerale (1) : 
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dans laquelle n est un nombre valant 0 ou 1 et R0 t R1, R2, R3, R4, R5, R6, R7 et R8 qui peuvent etre Identlques 
ou dtfferents representent (a) un atome d'hydrogene, (b) un atome d'halogene, (c) un groupement choisl 
parml OH, N0 2 , NH 2( CF 3 , S0 2 , CN, SCN, OCN, SR, OR, 

C-OH, C-Cl, C-H, j-OR, S-R, S-OR, P-(OR) C-R, 
0 0 00 00 0 0 



avec R un radical alkyle, lineaire ou ramifie ou un radical aryle, ou (d) un radical choisi parmi les radicaux alkyle 
lineaires ou ramlfi6s et aryle, comportant eventuellement un ou plusleurs substituants choisis dans le groupe 
comprenant OH, N0 2 , NH 2) CF 3 . S0 2 , CN, CI, F, SCN, OCN, SR, OR, 

C-0H, C-Cl, C-H, C-R, C-0R, S-R, S-0R, P-(OR) 
i II U II II li II II 2 
00000000 



ou R est un radical alkyle, lineaire ou ramifie ou un radical aryle, 

Lorsque R0-R8 representent indivlduellement das radicaux alkyle lineaires ou ramifies, substitues ou non, le 
nombre de carbone de la chatne carbonee varie de 1 a 100. 

Lorsque R0-R8 representent individuellement des radicaux aryle ces dernlers peuvent etre les radicaux 
phenyle, naphtyle, anthracenyle ou phenanthryle. 

Le radical alkyle ou aryle R ci-dessus peut comprendre de 1 a 30 atomes de carbone. 

Comma halogene constituent R0-R8, on peut citer le fluore, le brome, le chlore. 

De preference, le derives de I'aniline auxquels s'appliquent ('Invention, sont la para-aminodiphenylamine, les 
toluldines, les amlnophenols, les carboxyanilines, les mesidlnes. 

Selon ('invention, I'oxydation chimique est realisee en milieu acide et en particulier dans un milieu contenant 
un ou plusleurs acldes dont I'equivalent pH est egal ou inferieur a 0 par rapport aTeau. Comme acide utilisable, 
on peut citer I'acide sulfurique, I'acide orthophosphorique, I'aclde fluorhydrique. I'acide benzene sulfonlque! 
Tacide chiprhydrique, I'acide tetrafluoroborique, I'acide hexafluorophosphorique, I'acide fluoro ou chlorosulfu^ 
rique, Tacide perchlorique, I'acide bromhydrique, etc. 

De preference, I'oxydation se fait dans un milieu acide riche en fluorure. En effet, la presence de fluorure 
permet d'obtenir des polymeres stables, proches de la stoechiometrie. Comme miiieu acide riche en fluorure, 
on peut citer les melanges R'NH 2 ; HF avec R' representant un radical alkyle ayant de 1 a 10 atomes de 
carbone ; des melanges de pyridine ; HF ; ou des melanges NH 4 F, aHR avec aallant de 1 a 4. En partlcullera 
vaut 2.35 ce qui correspond a I'eutectlque NH3-NH. Ce melange sera appele ci-apres bain "N". 

Les metaux de transition utilisables dans I'invention sont les metaux dont le numero atomlque est compris 
dans I'intervaJle allant de 21 a 48 alnsi que le mercure. De preference, on utilise le nickel, le cuivre, le cobalt le 
fer, le manganese, ('argent. 

Les cations des metaux de transition sont introduits en particulier sous forme d'un ou plusieurs sels de I'un 
des metaux de transition, sous forme de sels mixtes de deux ou plusleurs metaux de transition ou sous forme 
de melange de sels des metaux de transition. En particulier, les sels des m6taux de transition sont ajoutes 
sous forme de fluorure dans la solution. 

Afin que les cations metalliques selon I'invention torment des complexes avec I'aniline ou ses derives, 
empechant alnsi la formation de benzidine, il faut que la concentration dans le milieu acide de ces cations soit 
au moins egaJe a 10" 4 mole/litre, cette derniere pouvant aller jusqu'a 1 mole/litre. 

Les sels utilises ne sont pas necessairement des sels solubies dans la solution acides, pris isoiement, leur 
solubilisation etant notamment due a la presence de I'aniline ou de ses derives dans le milieu liquide. 

L'anode utilises pour la rdaction electrochlmique peut etre realisee eri un materiau attaquable ou 
fnattaquable par le milieu acide. 

Lorsque l'anode est realises en un materiau inattaquable par le milieu acide. et en particulier en platlne, en or 
ou en carbone, les cations des metaux de transition doivent necessairement etre introduits sous forme de 
sels. 

En revanche, lorsque l'anode est realisee en un materiau corrodable pas trop rapidement par le milieu acide, 
il est necessaire de realiser cette derniere en I'un des metaux de transition selon I'invention, permettant la 
formation d'un film de polyanlllne auto-supporte, ou en un alliage de I'un au moins de ces mfetaux. En 
particulier, l'anode peut etre realisee en un acier inoxydable. 

Meme en presence dVne anode corrodable par le milieu acide, il est posible d'ajouter au milieu liquide des 
sels des metaux de transition conformes a I'invention. 

Pendant I'oxydation electrochlmique, la cathode peut etre realisee en un materiau inattaquable par la 
solution acide ou blen en un materiau attaquable par cette derniere. Dans ce dernier cas, la cathode est 
avantageusement realisee en un des metaux de transition selon I'invention. 
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L'lnvention a aussl pour objet des films de polyanlllne auto-supportes obtenus par la procede salon 
rinventlon. Ces films de polyanlllne peuvent presenter une epaisseur allant de 100 nm a 10 mm. 

Afin d'augmenter la conductivite electrique de ces films, 11 est avantageux de les doper apr-es lavage avec 
des electrolytes tels que I'acide perchlorique ou I'acide tetrafiuoroborique en solution dans I'eau (de 0,01 a 1 
mole par litre). En vue de leur utilisation, dans un generateur electrochimique, le dopage de ces films doit etre s 
tel que la conductivity electrique maxlmale soit comprise entre 0,1 et 100 ohms -1 .cm* 1 . 

La souptesse et la tenue mecanlque des films obtenus selon Invention est largement suffisante pour une 
mise en oeuvre du polymere sous forme d'un enroulement ou d'un pliage. Toutefols, il est preferable que le 
film de polyanlllne reste legerement solvate par un solvant aqueux ou organique tel que I'eau, le carbonate de 
propylene ou d'ethylene, le dioxolane, le dimethoxyethane, le tetrahydrofuranne, le methyl t6trahydrofuranne, 10 

En effet on constate que si le polymere est chauffe sous vide pour le deshydrater, il -deviant cassant. 

L'analyse centeslmale, l'analyse par resonance paramagnetlque electronlque ouaux rayons X permettent 
de montrer que le polymere obtenu par le procede selon rinventlon contlent toujours les cations metalliques 
qui ont ete utilises pour sa preparation. 75 

L'lnvention a encore pour objet un generateur electrochimique comportant dans urie enveloppe etanche, 
une matiere active negative d'electrode et une matiere active positive d'etectrode en contact avec un 
electrolyte, caracterise en ce que la matiere active positive est formee d'un film de polyaniline selon rinventlon. 
Ce generateur est un generateur extra-plat du type carte de credit. 

La matiere active negative d'electrode peut etre formee d'un metal reactif tel que le lithium, d'un alliage de 20 
lithium tel qu'un alliage de lithium et d'aluminium, d'un polymere conjugu6 conducteur, de carbone ou d'un 
materiau composite. De preference, on utilise comme matiere active negative le lithium ou les alilaaes de - 
lithium et d'aluminlum. 

Les electrolytes assoclfes a des electrodes a base de lithium sontde preference des seis de lithium tels que 
le fluorure, le chlorure, le perchlorate, le perborate, le persulfate ou I'hexafluorophosphate. Neanmoins, on 25 
peut employer d'autres electrolytes tels que I'hexafluorophosphate de sodium, le tetrafluorob'orate ou le 
triflate de lithium (CFaSOaU), le chlorure ou le fluorure de tetramethylammonium. 

Ces electrolytes sont en particulier dissous dans un solvant organique comme par exemple les ethers 
lineaires tels que le dimethoxyethane, les ethers cycliques comme par exemple le dioxolane ou les 
methylhydrofuranes, ou des esters tels que le carbonate de propylene ou d'ethylene, 30 

D'autres caracteristiques et avantages de ['invention ressortiront mleux de la description qui va suivre, 
donnee a titre illustratif et non limitatif en reference aux figures annexees, dans lesquelies : 

- ta figure 1 represente schematlquement, en vue eclatee, un generateur electrochimique comportant, 
comme matiere active d'electrode, un film de polyaniline selon ('invention, 

- les figures 2, 4 et 5 represented schematiquement differents types de generateurs electrochimiques 35 
conformes a Tinvention, et 

- la figure 3 donne differentes courbes de charge et de decharge du generateur electrochimique 
represente sur la figure 1 , donnant la tension V en volt, appllquee ou delivree par la generateur en fonction 
de la charge Q en coulomb. 

A tltre d'exemple, on donne cl-apres, la fabrication selon ('invention d'un film auto-supporte de polyaniline 40 
alnsl que son utilisation comme matiere active d'electrode d'un generateur electrochimique extra-plat. 

Une solution electrorytique est preparee a partir de 200 ml de bain "N" additionne de 15 ml d'aniline. Uanode 
est constituee d'une plaque d'inox de 10/10 cm parfaitement polie et encadree par deux cathodes 6gaJement 
en inox et dlstantes d'envlron 0,7 cm de I'anode. 

L'eiectrolyse est conduite pendant 4 heures. Le potentiel entre les electrodes est controle pour des valeurs - 45 
maximum ne depassant pas respectivement, pour la tension et le courant, 2 V et 1 A. 

Au bout de quatre heures, 12 453 coulombs ont ete utilises. 

L'anode est alors enlevee du dispositif d'eiectrolyse puis iavee a I'eau distillee. Le film est soigneusement 
decolle de l'anode avec un scalpel, puis est lave abondamment a I'eau et a 1'acetonitrile. Ce film a une 
epaisseur moyenne de I'ordre du mm et pese 4,5 g. 50 

Avant d'fitre utilise dans un generateur electrochimique, le film est dope par trempage dans une solution 
aqueuse d'acide perchlorique a pH 0, pendant 5 jours, lave de nouveau a racetonitrile, seche puis impregne 
sous vide d'une solution de carbonate de propylene a 1 mol/l de perchlorate de lithium. 

Dans ce film dont les dimensions sont voisines de 9/9 cm, on decoupe une plaque de 4 par 7 cm. Cette 
plaque est montee dans un generateur electrochimique tel que represente sur la figure 1 , en vue eclatee. 55 

Ce generateur comprend, dans une enveloppe etanche et Isolante, se presentant sous forme de deux 
feuilles de polyester 1 et 3 sceliees par leur bord, de 0,2 mm environ d'epalsseur, une feullle de papier 5 
impregnee d'une solution molaire de LICIO4 dissous dans du carbonate de propylene, servant d'electrolyte. 

Cette feuille 5 servant de separateur pour eviter tout court-circuit est intercalee entre la plaque de 
polyanlllne 8 obtenue precfedemment, en contact avec une feuille d'aluminium 7 de 2 micrometres d'epaisseur, 60 
et une feuille de lithium 9 de 1 micrometre d'epaisseur, deposee sur une feuille d'aluminium 11 de 2 
micrometres d'epaisseur. 

La plaque de polyaniline 8 constitue la matiere active d'electrode positive du generateur et est pourvue 
d'une parte 13 constituant la borne + du generateur. La feuille de lithium 9 constitue la matiere active 
d'electrode negative du generateur et la feuille d'aluminium 1 1 un collecteur de courant. Ce demier est pourvu 65 
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d'une patte 15 constituent la borne - du generateur. 

Ce generateur se presents sous la forme d'une carte type carte de credit 16, comme schematises sur la 
figure 2, de 4x7 cm de surface et 3 mm d'epaisseur. II a ete soumis a des cycles de charge-decharge tels que 
represents sur la figure 3. 

5 Les courbes 17. 19 et 21 de decharge sont obtenues respecttvement aux 19, 20 et 21ieme cycles de 
ctiarge-decharge du gfenerateur et les courbes 23 et 25 de charge sont obtenues respecttvement aux 19 et 
20Ieme cycles de charge-decharge. On constate a I'examen de ces courbes que la capacite de la batterie 
augmente en cyclage jusqu'au trentieme cycle environ et reste constante ensutte, et que le rendement des 
nombres de coulombs est excellent (rapport decharge/charge). 

10 Avec le generateur represents sur les figures 1 et 2, on a obtenu pour ['electrode positive 8 une capacfte 
massique voislne de 100 Ah/kg et une energie massique de 300 Wh/kg. Pour le generateur total, on obtient 
une energie massique de 20 Wh/kg. II ne s'agit pour le moment que d'un modele de generateur* mals II dott 
§tre possible d'ameliorer grandement cette energie massique par une technologie appropriee, pour attelndre 
des ordres de grandeur de 30 a 40 Wh/kg et peut-etre plus, pour une batterie de cette taille. 

15 Etant donne la souplesse et la tenue mecanique du film de polyaniline obtenu, il est possible de realiser le 
generateur de la figure 1 sous forme d'un film continu de 50 mm de large et de 15 cm de long, pita 27 tel que 
represents sur la figure 4, les plls ayant une longueur de 3 cm ou encore enroule 29 tel que represents sur la 
figure 5. 

20 
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25 1. Procede de fabrication d'un film de polyaniline, consistant a oxyder electrochimiquement a I'alde 

d'une anode et d'une cathode un compose choisi parmi Tannine et ses derives, & ("exception de la 
benzidine, dans un milieu acide, en presence de cations d'au molns un metal de transition, cette 
oxydation conduisant a la formation sur I'anode d'un film (8) de polyaniline renfermant lesdlts cations ; a 
laver I'anode recouverte dudit film et a separer le film lave, de I'anode. 

30 2. Procede de fabrication selon la revendication 1, caracterise en ce que le metal de transition est un 

metal presentant un numero atomique allant de 21 a 48 ou le mercure. 

3. Procede de fabrication selon la revendication 1 ou 2, caracterise en ce que le metal est choisi parmi 
le nickel, le cuivre, le cobalt, lefer, le manganese et I'argent. 

4. Procede de fabrication selon Tune quelconque des revendications 1 a 3, caracterise en ce que le 
35 metal est utilise sous forme d'un alllage. 

5. Procede de fabrication selon l'une quelconque des revendications 1 a 3, caracterise en ce que les 
cations sont Introdults dans le milieu acide sous forme de set. 

6. Procede de fabrication selon l'une quelconque des revendications 1 a 5, caracterise en ce que 
I'anode contlent lesdlts cations. 

40 7. Procede de fabrication selon Tune quelconque des revendications 1 a 6, caracterise en ce que la 

concentration des cations dans le milieu est cholsie dans I'lntervalle allant de 1CT* a 1 mole/litre. 

8. Procede de fabrication selon l'une quelconque des revendications 1 a 7, caracterise en ce que le 
milieu acide est un milieu dont le pH est egal ou inferieur a 0. 

9. .Procede de fabrication selon l'une quelconque des revendications 1 a 8, caracterise en ce que le 
45 milieu acide est un milieu riche en fluorure. 

10. Procede de fabrication seion l'une quelconque des revendications 1 a 9, caracterise en ce que le 
milieu acide est forme du melange eutectique NHUF ; 2,35 HF. 

11. Film de polyaniline obtenu par le procede selon l'une quelconque des revendications 1 a 10, 
caracterise en ce qu'il est auto-supporte et contient des cations d'au molns un metal de transition. 

50 12. Film de polyaniline obtenu par le procede selon i'une quelconque des revendications 1 a 10, 

caracterise en ce qu'il contient molns de 1 partie par million de benzidine. 

13. Film de polyaniline selon la revendication 11 ou 12, caracterise en ce qu'il presente une epalsseur 
allant de 100 nm a 10 mm. 

14. Rim de polyaniline selon l'une quelconque des revendications 11 a 13, caracterise en ce qu'il est 
55 dope avec de I'aclde perchlorique ou de I 'acide tetrafluoroborique. 

15. Film de polyaniline selon I'une quelconque des revendications 11 a 14, caracterise en ce qu'il 
presente une conductivity allant de 0,1 a 100 ohms -1 .cm -1 . 

16. Film de polyaniline selon I'une quelconque des revendications 11 a 15, caracterise en ce qu'il est 
Impregne d'un sotvant aqueux ou organique. 

60 17. Generateur electrochimique comportant dans une enveloppe etanche (1, 3) une matiere active 

negative d'electrode (9) et une matiere active positive d'electrode (8) en contact avec un electrolyte, 
caracterise en ce que la matiere active positive (8) est formee d'un film de polyaniline selon Tune 
quelconque des revendications 1 1 a 16. 
18. Generateur electrochimique selon la revendication 17, caracterise en ce que la matiere active 

655 negative (9) se presente sous la forme d'un film de lithium ou d'un alllage de lithium et d'aluminium. 



6 



WEST 
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19. GenSrateur electrochimique selon la revendication 18, caracterise en ce qu'il se presents sous la 
forme d'un film (16. 27,29) eventuellement enroule ou pile. 

20. Generateur electrochimique selon Tune quelconque des revendications 17 a 19, caracterise en be 
que les matleres actives negative et positive sont separees Tune de I'autre par un separateur en film (5) 
Impregn6 dudlt electrolyte. 

21. Gen6rateur electrochimique selon Tune quelconque des revendications 17 a 20, caract6rlse en ce 
qu'll se presente sous forme d'une carte de credit. 
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USE /ADVANTAGE 

The film is self-supporting and allows prodn. of extra- 
flat electrochemical generators or batteries of the "credit 
card" type format (claimed). It can also be used as 
electrode active material and /or electrochromic layer is a 
display device, photovoltaic transformers and in technical 
fields using polymeric electronic conductors. 

CLAIMED EMBODIMENTS 

The cations are introduced into the acid medium as salts, 
pref. in amts. of 10"* - 1 mole A, the acid medium having a 
pH of 0 or below and being rich in fluoride; pref. the acid 
medium comprises a eutectic mixt. of NH 4 F, 2.35 HF. 
The anode contains the cations. 

The film contains less than 1 ppm benzidine, is 100 mm- 
10 mm thick, is doped with perchloric or tetrafluoroboric 
acid, has a conductivity of 0.1-100 ohms -1 .cm" 1 and is 
impregnated with an aq. or organic solvent. 

The negative active material (9) is in the form of a 
Li or Li/Al alloy film. The generator is in the form of a film 
opt. rolled or folded and the electrodes are separated by a 
film impregnated with electrolyte. 
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A polyaniline film is prepd. by: 

(a) electrochemically oxidising by means of an anode and 
a cathode a cpd. selected from aniline and its derivs., 
except benzidine, in an acid medium, in presence of cations 
of transition metal(s), to form on the anode a polyaniline 
film contg. the cations, 

(b) washing the anode lined with the film and 

(c) removing the film from the anode. 

Pref. the transition metal has an atomic no. of 21-48 or 
Hg, prefd. being Ni, Cu, Co, Fe, Mn or Ag. The metal may 
be an alloy. 

Also claimed are the obtd. film and electrochemical 
generators comprising in a sealed envelope (1,3) an 
electrode positive active material (9) comprising the above 
film and an electrode negative active material (9) in contact 
with an electrolyte. 
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OBTAINED BY THIS PROCESS AND AN ELECTROCHEMICAL GENERATOR THAT USES 
THIS FILM 

(57) Abstract 



Manufacturing process of a polyaniline film, the film obtained 
by this process and the electrochemical generator that uses this 
film. 

The process consists in electrochemically oxidizing by the use 
of an anode and a cathode, a compound chosen from aniline and its 
derivatives, with the exception of benzidine, in an acid medium, in 
the presence of cations of at least one transition metal, this 
oxidation leading to the formation on the anode of the film (7) of 
polyaniline that encloses the said cations; in washing the anode 
covered by the said film and in separating the washed film from the 
anode . 

The polyaniline film (7) is used in. particular as the positive 
active material of an electrode of an electrochemical generator of 
the "credit card" type that includes, in an airtight envelope (1,3) a 
film of lithium (9) used as the negative active material of the 
electrode, separated by a film- type separation device (5) impregnated 
with electrolyte, of the film of polyaniline (7) . 



Description 

The present invention has the goal of a manufacturing process of 
a polyaniline film that can be used in a great number of fields 
because of its electronic conducting properties. These polyaniline 
films are perfectly well adapted to comprise an active material of an 
electrode, particularly a positive electrode, of an electrochemical 
generator or battery. 



'Number in the margin indicates pagination in the foreign text. 
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In particular the process according to the invention allows to 
make films of polyaniline that are self-supporting that allow the 
production of very flat electrochemical generators in the "credit 
card" type format . 

In addition to this specific application, the polyaniline films 
of the invention can be used as the active material of an electrode 
and/or the electrochromic layer in an electrochromic display device, 
as electromagnetic or electrostatic shielding materials, as 
photovoltaic converters, as specific electrode materials and in a 
more general way in all technical areas that employ electronic 
conductor polymeric materials. 

By polyaniline we generally mean polymers that come from 
condensation of aniline itself, but also aniline of its derivatives, 
the dimer, amino-paradiphenylamine in particular. 

Polyanilines are generally prepared by chemical or 
electrochemical oxidation of the aniline or of its derivatives in an 
acid medium. The acid medium is of great importance for obtaining a 
high molecular weight polymer that contains very few structural 
defects. This manufacturing process of polyanilines is described in 
particular in the document FR-A-2 , 545 , 496 and in the document US-A- 
4,629,540 which were filed in the name of the applicant. 

Whatever the acid medium used for the chemical or 
electrochemical oxidation of the aniline and its derivatives, it is 
currently not possible to obtain self-supporting films, that is to 
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say films that do not require a support. However, it turns out that 
self-supporting films are great practical importance for a large 
number of applications, especially for making new electrochemical 
very flat generators. 

In addition, during the oxidation of the aniline and possibly of 
some of its derivatives, there is always a danger of producing 
benzidine, which is a toxic product and especially is highly 
carcinogenic, with the formula: 



Also, any improvement in the preparation of a polyaniline film 
by electrochemical oxidation of the aniline and its derivatives is 
very beneficial. 

The present invention rightly sets the goal of a manufacturing 
process of polyanilines by electrochemical oxidation of the aniline 
and its derivatives that allow the production of a film of self- 
supporting polyanilines. In addition, these films enclose less than 
one part per million of benzidine. 

In a more precise way, the invention also has the goal of a 
manufacturing process of a polyaniline film that consists in 
oxidizing electrochemically by using an anode or a cathode a compound 
chosen from aniline and its derivatives with the exception of 
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benzidine, in an acid medium, in the presence of cations of at least 
one transition metal, this oxidation leading to the formation on the 
anode of a polyaniline film that encloses the said cations; in 
washing the anode covered by the said film and in separating the 
washed film from the anode. 

The oxidation process by the electrochemical method according to 
the invention allows one to obtain a film of polyaniline, in contrast 
to oxidation by the chemical method, that can be used as is (without 
any other processing) as the active material of an electrode. 

In particular, it is no longer necessary to use carbon black or 
any other conductor additive with the polyaniline form in this 
manner, which results in a gain of at least 2 0% over the weight of 
the total mass of the active electrode material. In addition, the 
electrochemical method is much simpler than the chemical method, the 
latter generally requiring a special preparation stage of the 
oxidizer . 

Electrochemical oxidation can last several hours with a current 
density ranging from 0.1 to 150 mA/cm 2 . In addition, it is possible 
to reload the liquid medium with aniline or its derivatives several 
times, without significant degradation of the electrolytic medium. 

The presence of these cations of transition metals is very 
important. Indeed, when they are in solution the introduction of 
aniline into this medium or its derivatives leads to the formation of 
complexes. The monomer molecules are then no longer free in the 
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solution, but are grouped in clusters around cations of the 
transition metals. The number of aniline molecules or its complex 
derivatives will depend on the number of coordinations of the metal 
cations used. 

Although aniline and its derivatives are only weak bases, and 
although the complex is formed with cations of transition metals _/3 
that generally have relatively weak stability constants, and since 
aniline and its .derivatives are not always capable of saturating the 
maximum coordination of the metal used, nevertheless these complexes 
do exist and they favor the solubilization of these metals in the 
acid medium and lead to polyanilines with the morphology different 
from those obtained in the absence of these cations. 

Indeed, when aniline and its derivatives are oxidized in the 
absence of transition metals, the molecules are present only at the 
electrode in a certain configuration, with probably the nitrogen atom 
directed toward the electrode. On the other hand, when these 
transition metals. are present, the aniline or its derivatives arrives 
at the electrode in the form of a complex that contains a metal 
cation and several monomer molecules. The reaction mechanism is 
therefore modified and there is practically no more "end to end" 
corresponding polymerization, for the aniline and for the formation 
of the dimmer, in the following chemical reaction: 
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+ 2H + + 2e 



which favors the formation of benzidine but a "head to tail" 
polymerization that corresponds to the formation reaction of the 
dimmer : 




+2H + + 2e 



which leads to improved yield and reduces almost completely the 
formation of benzidine. 

The products produced by the process according to the invention 
contain transition elements whose quantity is a function of the 
number of washings carried out after the formation of the 
polyanilines . The presence of these transition elements does not 
amount to doping, in the sense that there is no incorporation of 
these cations in the carbon chain of the polyanilines, but rather a 
complex formation followed by polymerization and then partial release 
of the chelated cations at the time of the washings. 
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One can easily understand that the morphology of the polymers 
obtained by the process of the invention is different from that 
obtained by the processes according to the prior art. 

The improved yield of polyaniline preparation thanks to the 
process according to the invention can be established in the 
following manner. Following the synthesis of the polymer the latter 
is washed abundantly in particular in water and acetonitrile by means 
of a Soxhlet extraction unit. 

In the absence of metal cations the wash solutions are strongly 
colored by secondary products, of which benzidine is one, or by 
oligomers of low molecular weight. On the other hand, when 
transition metals are used the wash solutions remain perfectly clear 
for water and very slightly colored by the acetronitrile . 

Indeed, the very strong reduction of the concentration of the 
secondary products and/or oligomers of low molecular weight, even 
sometimes their complete disappearance, was confirmed by high 
pressure liquid chromatography analysis of the wash solutions and by 
a study of the molecular weights of the polymers, by gel permeation 
chromatography. Elsewhere it has been found that the yields of the 
process according to the invention are close to theoretical . 

The process according to the invention is applied to all 
monomers that satisfy the following general formula (1) : 
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in which n is a number equal to 0 or 1 and RO , Rl, R2 , R3 , R4, R5 , 
R5, R7 and R8 that can be identical or different represent (a) an 
atom of hydrogen (b) an atom of a halogen, (c) a group chosen from 
among OH, N0 2 , NH 2 , CF 3 , S0 2 , CN, SCN, OCN, SR, OR, 



/4 



C-OH, C-Cl, C-H, C-OR, S-R, S-OR, P-COR), C-R, 
0 0 0 0 0 0 0 o 



with R an alkyl radical, linear or branched or an aryl radical or (d) 
a radical chosen from among the linear or branched alkyl and arrow 
radicals, which possibly include one or several substituents chosen 
in the group that includes OH, N0 2 , NH 2/ CF 3 ,' S0 2/ CN, SCN, OCN, SR, 
OR, 



C-0H, OCl, OH, C-R, 
« II U II 
0 0 0 0 



C-0R, S-R, S-0R, P-(0R) 
« II II .11 2 
0 0 0 0 



where R is an alkyl radical, linear or branched, or an aryl radical. 
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When R0-R8 represent individually some linear or branched alkyl 
radicals, substituted or not, the number of carbon atoms of the 
carbon chain varies from 1 to 100. 

When R0-R8 represents individually some aryl radicals, the 
latter can be phenyl, naphthyl, anthracenyl or phenanthryl radicals. 

The alkyl or aryl radical R above can include from 1 to 3 0 atoms 
of carbon. 

As the halogen that comprises R0-R8, we can mention fluorine, 
bromine, or chlorine. 

Preferably the derivatives of aniline to which the invention 
applies are para-aminodiphenylamine, toluidines, aminophenols , 
carboxyani lines and mesidines. 

According to the invention the chemical oxidation is carried out 
in an acid medium an in particular in a medium that contains one or 
several acids whose equivalent pH is equal to or less than zero with 
respect to water. As the usable acid, we can mention sulfuric acid, 
orthophosphoric acid, hydrofluoric acid, sulfonic benzene acid, 
hydrochloric acid, tetraf luoroboric acid, hexaf luorophosphoric acid, 
fluoro- or chlor-sulf uric acid, percholoric -acid, hydrobromic acid 
and so forth. 

Preferably the oxidation is carried out in an acid medium that 
is rich in fluorine. Indeed, the present of fluorine allows one to 
obtain stable polymers, that are close in stoichiometry . As the acid 
medium that is rich in fluorine, we can mention the mixtures R'NH 2 ; HF 
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with R' representing an alkyl radical having from 1 to 10 atoms of 
carbon; mixtures of pyridine; HF; or mixtures of NH 4 F, OHR with a 
ranging from 1 to 4 . In particular a is 2.3 5 which corresponds to 
the eutectic NH3-HN. This mixture will be called subsequently the N 
bath. 

The transition metals that can be used in this invention are 
metals whose atomic number is in the interval ranging from 21 to 48 
as well as mercury. Preferably, one will use nickel, copper, cobalt, 
iron, manganese, or silver. 

The cations of the transition metals are introduced in 
particular in the form of one or several salts of one of the 
transition metals, in the form of mixed salts of two or several 
transition metals, or in the form of the mixture of transition metals 
salts. In particular, the salts of transition metals are added in 
the form of fluorine in the solution. 

In order that the metal cations according to the invention form 
complexes with aniline or its derivatives, thus preventing the 
formation of benzidine, it is necessary that the concentration in the 
acid medium of these cations be at least equal to 10" 4 mole/liter, the 
latter capable of ranging up to 1 mole/liter. 

The salts used are not necessarily salts that are soluble in the 
acid solution, taken separately, their solubilization being 
especially due to the presence of the aniline or its derivatives in 
the liquid medium. 
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The anode used for the electrochemical reaction can be made of a 
material that can be attached or not capable of being attacked by the 
acid medium. 

When the anode is made of a material that can be attacked by the 
acid medium, and in particular platinum, gold or carbon, the cations 
of the transition metals must necessarily be introduced in the form 
of salts. 

On the other hand, when the anode is made of a material that is 
corrodible not too quickly by the acid medium, it is necessary to 
make the latter with one of the transition metals according to the 
invention, which allows the formation of a self-supporting 
polyaniline film, or made of an aniline of at least one of these 
metals. In particular, the anode can be made of stainless steel. 

Even in the presence of an anode that can be corroded by the 
acid medium it is possible to add to the liquid medium some salts of 
transition metals in conformity with the invention. 

During the electrochemical oxidation the cathode can be made of 
a material that can be attacked by the acid solution or even of a 
material that can be attacked by the latter. In the latter case, the 
cathode is advantageously made of one of the transition metals 
according to the invention. 

The invention also has the goal of self-supporting polyaniline /5 
films obtained by the process according to the invention. These 
polyaniline films can have a thickness ranging from 100 nm to 10 mm. 
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In order to increase the electrical conductivity of these films 
it is advantageous to dope them after washing with electrolytes such 
as perchloric acid or tetraf luoriboric acid in solution and water 
(from 0.01 to 1 mole per liter). For the purpose of their 
utilization in an electrochemical generator the doping of these films 
must be such that the maximum electrical conductivity is between 0.1 
and 100 ohms" 1 x cm" 1 . 

The flexibility and the mechanical behavior of the films 
obtained according to the invention is for the most part sufficient 
for implementation of the polymer in the form of a role or fan-folded 
sheets. However, it is preferably that the polyaniline film remain 
slightly solvated by an aqueous or organic solvent such as water, the 
carbonate of propylene or ethylene, dioxolane, dimethoxyethane , 
tetrahydrof uran, methyl tetrahydrof uran . 

Indeed, it has been found that if the polymer is heated under 
vacuum to dehydrate it, it becomes brittle. 

Percentage analysis, analysis by electronic paramagnetic 
resonance or X-rays allows one to show that the polymer produced by 
the process according to the invention always contains metal cations 
that have been used for preparation. 

The invention also has the goal of an electrochemical generator 
that includes in an airtight envelope an electrode negative active 
material and an electrode positive active material in contact with an 
electrolyte, characterized in that the positive active material is 
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formed by a film by polyaniline according to the invention. This 
generator is an extra-flat generator of the credit card type. 

The electrode negative active material can be formed by a 
reactive metal such as lithium, an alloy of lithium such as an alloy 
of lithium and aluminum, a conducting conjugate polymer, of carbon or 
a composite material. Preferably one will use as the negative active 
material lithium or alloys of lithium and aluminum. 

The electrolytes associated with lithium base electrodes are 
preferably salts of lithium such as the fluoride, the chloride, the 
perchlorate, the perborate, the persulfate or the 

hexaf luorophosphate . Nevertheless, one can use other electrolytes 
such as sodium hexaf luorophosphate, tetraf luoroborate or trifoliate 
of lithium (CF 3 S0 3 Li) , the chloride or the fluoride of 
tetramethlammonium. - 

These electrolytes are in particular dissolved in an organic 
solvent such as, for example, linear ethers such as dimethoxy thane, 
cyclical ethers such as, for example, dioxolane or methylhydrof urans 
or esters such as the carbonate of propylene or ethylene. 

Other characteristics and advantages of the invention will 
appear more clearly from the description that follows, which is given 
as a non-limiting illustration with reference to the attached figures 
in which: 

Figure 1 represents diagrammatically , in blown up view, an 
electrochemical generator that includes as the active 
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electrode material a film of polyaniline according to the 
invention, 

Figures 2 and 5 show diagrammatically different kinds of 
electrochemical generators in conformity with the invention 
and, 

Figure 3 gives different charging and discharging curves of 
the electrochemical generator shown in Fig. 1, giving the 
voltage V in volts, applied or delivered by the generator as a 
function of the coulomb charge Q. 
As an example we give hereafter the fabrication according to the 
invention of a self-supporting film of polyaniline as well as its use 
as an active electrode material of an extra-flat electrochemical 
generator . 

An electrolytic solution is prepared from 2 00 ml of W N" bath 
with the addition of 15 ml of aniline. The anode is comprised of a 
stainless steel plate of 10/10 cm perfectly polished and framed by 2 
cathodes also made of stainless steel and separated from the anode by 
approximately 0.7 cm . 

Electrolysis is conducted for four hours. The potential between 
the electrodes is controlled for maximum values that do not exceed 
respectively, for voltage and current, 2 V and 1A. 

At the end of four hours 12,453 coulombs have been used. 

The anode is then removed from the electrolysis unit then washed 
in distilled water. The film is carefully removed from the anode 
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with a scalpel, then is washed abundantly in water and acetonitrille. 
This film has an average thickness on the other of 1 mm and weighs 
4.5 g. 

Before being used in an electrochemical generator the film is 
doped by soaking in an aqueous solution of perchloric acid with pH 0, 
for 5 hours, washed again in the acetonitrille, dried and then 
impregnated under vacuum with a solution of propylene carbonate with 
1 mole/liter of lithium perchlorate. 

In this film, whose dimensions .are about 9/9 cm, one cuts off a 
plate of 4 by 7 cm. This plate is installed in an electrochemical 
generator as shown in Fig. 1, in blown up view. 

This generator includes, in an airtight and insulating envelope, 
that is present in the form of two sheets of polyester 1 and 3 that 
are sealed on their edges, with about 0.2 mm thickness, a sheet of 
paper 5 impregnated with a molar solution of LiCL0 4 dissolved in some 
propylene carbonate, which is used as the electrolyte. 

This sheet 5 used as a separator to avoid any short circuit is 
inserted between the plate of polyaniline 8 obtained previously, in 
contact with a sheet of aluminum 7 that has thickness of 2 
micrometers, and a sheet of lithium 9 with 1 micrometer thickness, 
that is deposited on a sheet of aluminum 11 that has 2 micrometer 
thickness . 

The polyaniline plate 8 comprises the positive electrode active 
material of the generator and is provided with a tab 13 that 
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comprises the positive terminal of the generator. The sheet of 
lithium 9 constitutes the negative electrode active material of the 
generator and the sheet of aluminum 11 a current collector. The 
later is provided with a tab 15 that comprises the negative terminal 
of the generator. 

This generator is present in the form of a credit card type card 
16, as shown diagrammatically in Fig. 2, that has 4 x 7 cm of surface 
area and 3 mm thickness. It was subject to charging - discharging 
cycles such as shown in Fig. 3. 

The curves 17, 19 and 21 of discharging were obtained 
respectively at the 19, 20, and 21 cycles of charging-discharging of . 
the generator and curves 23 and 25 for charging were obtained 
respectively at cycles 19 and 20 of charging-discharging. One finds 
in the examination of these curves that the battery capacity 
increases in cycles up to the 30 th cycle approximately and then 
remains constant, in that the yield of the numbers of coulombs is 
excellent (discharge/charging ratio) . 

With the generator shown in Figs. 1 and 2 we obtain for the 
positive electrode 8 a mass capacity in the vicinity of 100 Ah/kg and 
a mass energy of 300 Wh/kg. For the total generator, we obtained a 
mass energy of 2 0 Wh/kg. For the time being this is only a generator 
model, but it should be possible to greatly improve this mass energy 
by a suitable technology, in order to reach orders of magnitude of 30 
to 40 Wh/kg and perhaps more, for a battery of this size. 

17 



Given the flexibility and the mechanical behavior of the 
polyaniline film that was produced it is possible to make the 
generator of Fig. 1 in the form of a continuous film 50 mm wide and 
15 cm long, the fold 27 as shown in Fig. 4, the folds having in 
length of 3 cm or even rolled 29, such as shown in Fig. 5. 

CLAIMS 

1. Manufacturing process of a polyaniline film consisting in 
electrochemically oxidizing by means of an anode and cathode a 
compound chosen from among aniline and its derivatives, with the 
exception of benzidine, in an acid medium, in the presence of cations 
and at least one transition metal, this oxidation leading to the 
formation on an anode of a film (8) of polyaniline that encloses the 
said cations; in washing the anode covered by the said film and in 
separating the washed film from the anode. 

2. Manufacturing process according to Claim 1 characterized in 
that the transition metal is a metal having an atomic number ranging 
from 21 to 48 or mercury. 

3 . Manufacturing process according to Claim 1 or 2 
characterized in that the metal is chosen from among nickel, copper, 
cobalt, iron, manganese and silver. 

4 . Manufacturing process according to any of the Claims 1 to 3 
characterized in that the metal is used in the form of an alloy. 
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5. Manufacturing process according to any of the Claims 1 to 3 
characterized in that the cations are introduced into the acid medium 
in the form of a salt. 

6. Manufacturing process according to any of the Claims 1 to 5 
characterized in that the anode contains the said cations. 

7. Manufacturing process according to any of the Claims . 1 to 6 
characterized in that the concentration of cations in the medium is 
chosen on the range from 10" 4 to 1 mole/liter. 

8. Manufacturing process according to any of the Claims 1 to 7 
characterized in that the acid medium is a medium whose pH is equal 
to a less than 0 . 

9 . Manufacturing process according to any of the Claims 1 to 8 
characterized in that the acid medium is. a medium that is rich in 
fluorine . 

10. Manufacturing process according to any of the Claims 1 to 9 
characterized in that the acid medium is formed from the euteetic 
mixture NH 4 F; 2.35 HF, 

11. Polyaniline film obtained by the process according to any 
of the Claims 1 to 10 characterized in that it is self-supporting and 
contains cations of at least one transition metal. 

12. Polyaniline film obtained by the process according to any 
of the Claims 1 to 10 characterized in that it contains less than one 
part per million of benzidine. 
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13. Polyaniline film according to Claims 11 or 12 characterized 
in that it has a thickness ranging from 100 nm to 10 mm. 

14. Polyaniline film according to any of the Claims 11 to 13 
characterized in that it is doped with perchloric acid or 

tetraf luoroboric acid. 

15. Polyaniline film according to any of the Claims 11 to 14 
characterized in that it has a conductivity ranging from 0.1 to 100 
ohms" 1 x cm" 1 . 

16. Polyaniline film according to any of the Claims 11 to 15 
characterized in that it is impregnated with an aqueous or organic 
solvent . 

17 . Electrochemical generator that includes in an airtight 
envelope (1, 3) a negative electrode active material (9) and a 
positive electrode active material (8) in contact with an 
electrolyte, characterized in that the positive active material (8) 
is formed of a film of polyaniline according to any of the claims 11 
to 16. 

18. Electrochemical generator according to Claim 17 
characterized in that the negative active material (9) is present in 
the form of a film of lithium or an alloy of lithium and aluminum. 

19. Electrochemical generator according to Claim 18 
characterized in that it is present in the form of a film (16, .17, 
29) that is possibly rolled or folded. 
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20. Electrochemical generator according to any of the Claims 17 
to 19 characterized in that the negative and positive active 
materials are separated from one another by a film- type separator (5) 
impregnated with the said electrolyte. 

21. Electrochemical generator according to any of the Claims 17 
to 20 characterized in that it is present in the shape of credit 
card. 
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